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A B S T R A C T
The recently introduced 6-dyes Yfiler1 Plus multiplex kit which includes 27 Y-STR loci has been used to study
436 UAE Arab male individuals. In addition to the 17 Y-STRs traditionally used in Yfiler1 multiplex kit,
Yfiler1 Plus has ten additional Y-STRs. It includes seven rapidly mutating Y-STRs (RM Y-STRs) namely
DYS560, DYS576, DYS627, DYS518, DYS449 and DYF387S1ab, and three moderately mutating Y-STRs
namely DYS481, DYS533 and DYS460. The RM Y-STRs were already proven to be powerful for discriminating
closely related and unrelated males’ individuals. As a result, a total number of 419 haplotypes were observed
out of 436 samples analysed of UAE Arab males’ population, whereas 15 haplotypes were shared between two
individuals and one haplotypes were shared between three individuals. The discrimination capacity (DC) for
the 27 loci was found to be 0.9618 whereas haplotype diversity (HD) was found to be 0.99982. AMOVA results
showed that UAE population clustered along with Saudi Arabia East [Arab] population which indicates that
they have a closer genetic relation. While it was standing away compared to other relevant populations. In
conclusion, Yfiler1 Plus multiplex kit showed higher power of discrimination than all previous studies
conducted on the same population. This study considered the first study conducted using 27 Y-STR loci in this
population. Geographic distribution of the populations analysed in this study are well reflected in the genetic
distance results.
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1. Introduction
In previous studies it has been proven that the application of
Y-chromosome short tandem repeats (Y-STR) typing is valuable in
forensic casework analysis especially when it involves sample
comprising of male/female DNA mixtures even in situations where
low level of male DNA is available in comparison to high level of female
DNA [1–4]. Y chromosomes have also been used in paternity testing,
missing persons investigations, human migration and evolutionary
studies [5–7].
In present study, newly designed Yfiler1 Plus kit (Thermofisher
Scientific, USA) which can amplify 27 Y-STR loci simultaneously
including the 17 loci in Yfiler1 was used to analyses 436 samples of
unrelated male individuals from United Arab Emirates (UAE). Forensic
parameters of 27 Y-STR loci among UAE Arab male population was
estimated. Gene diversity (GD) and haplotype diversity (HD) were
calculated and the data were used to compare the UAE population
with other Arabic populations that had been previously typed with the
same kit.
2. Materials and methods
2.1. Samples collection and extraction
A total number of 436 unrelated males’ individuals blood samples
from UAE Arab male population were collected randomly for the purpose
of this study. Consented samples were collected as whole blood in EDTA
Tubes and provided via Dubai Health Authority (DHA). Ethical approval
has been obtained from Dubai scientific research ethics committee in
(DHA) under the reference number (DSREC-SR-10/2017-02). Once the
blood sample tubes were received from DHA, one drop from each sample
were applied to separate Whatman1 FTA cards (GE Healthcare), each was
assigned a unique barcode number and left to dry.
2.2. Yfiler1 Plus PCR amplification
Each FTA paper stained with blood sample was punched using 0.5 mm
micro-puncher (Harries1) and the disc was placed into a 200 ml PCR
tubes. The punched discs were directly proceeded to the PCR reaction.
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Amplification of the 27 Y-STRs loci were performed according to the
manufacturer’s protocol. PCR reaction comprises 5.0 ml of primers mix,
10.0 ml of master mix and 10.0 ml PCR graded water. Samples were
amplified on an Applied Biosystems1 GeneAmp1 PCR System 9700
(Thermo Fisher Scientific, USA) using the Yfiler1 Plus PCR Amplification
Kit (Thermo Fisher Scientific, USA). To prevent static issues with the
paper discs, the reaction mix was dispensed into the PCR tube before
adding punched discs to the tubes.
2.3. RM-Yplex PCR amplification
Rapidly mutating Y-STR markers were re-analysed using in-house
developed multiplex assay for the concordance purposes [8]. Each FTA
paper stained with blood sample was punched using 0.5 mm micro-
puncher (Harries1) and the disc was placed into a 200 ml PCR tubes. PCR
reaction comprises of 1.8 ml Primer Mix, 7.0 ml Master Mix and 6.2 ml of
PCR graded water. For quality control, positive and negative controls
were employed in each run.
2.4. Capillary electrophoresis
PCR products were electrophoresed on a 3500 Genetic Analyzer
(Thermo Fisher Scientific, USA). 1 ml of PCR product was added to 9.5 ml
of Hi-Di formamide and 0.5 ml of LIZ600 and electrophoresed using POP-
4 polymer with 36 cm capillary. In the ladder well position, instead of the
PCR product 1 ml of ladder was added to the well for alleles alignments
purposes. Data generated from the capillary electrophoresis platforms has
been analysed using GeneMapper ID-X v1.4 analysis software (Thermo
Fisher Scientific, USA).
2.5. Statistics analysis
Forensic and population genetic parameters were estimated for 27
Y-STRs. The gene diversities (GD) of the analyzed 27 Y-STRs were calculated
according to Nei [9]. The allele and haplotype frequencies were determined
using the counting method. Haplotype Diversity (HD) was calculated using
the formula: HD= (N/N-1)(1-
P
x2) HD ¼ NN1 ð1 
P
x2Þ, Where x is the
(relative) haplotype frequency of each haplotype in the sample and N is
the sample size. Whereas the discrimination Capacity (DC) was obtained
dividing the number of unique haplotypes by the number of haplotypes.
All the above diversity indexes were computed using the Arlequin
software ver. 3.5.1.3 [10]. The pairwise genetic distances of Fst
and corresponding p-values between different populations were estimat-
ed by analysis of molecular variance (AMOVA) and visualized in
multidimensional scaling (MDS) plots using the AMOVA & MDS tool
available at YHRD website. (http://www.yhrd.org) [11].
3. Results and discussion
3.1. Y-chromosome diversity
Allele frequency distributions and gene diversity values for each
single-copy Y-STR locus are listed in (Table S1). A total of 202 distinct
alleles were observed in UAE population. The number of different alleles
at single-copy loci varied from 4 for DYS391 and DYS437 to 15 for
DYS481. The allelic combination distributions for two multi-copy loci are
presented in (Table S2). At DYS385a/b, 50 allelic combinations with 14
different alleles were observed in UAE population. On the other hand,
40 allelic combinations with 14 different alleles were detected at
DYF387S1a/b.
3.2. Haplotypes analysis
A total number of 403 unique haplotypes were obtained from 436
individuals using the 27 Y-STR Yfiler1 Plus kit. There were 15 haplotypes
shared among two individuals and one haplotypes were shared between
three individuals. On the other hand, a total of 340 unique haplotypes
were obtained from the same individuals using the 17 Y-STR available in
Yfiler1 kit. Whereas 39 haplotypes where shared among at least two
individuals. Compared to the 17 Y-STR Yfiler1 kit, the 27 Y-STR Yfiler1
Plus kit has greater values of discrimination capacity and haplotype
diversity, as expected, because of the additional number of loci analysed,
as shown in (Table 1). Values of discrimination capacity of the 17 Y-STR
Yfiler1 and 27 Y-STR Yfiler1 Plus were found to be 0.8971 and 0.9618
respectively, while the values of haplotype diversity were 0.99880 and
0.99982 respectively. The increase in the power of discrimination and
haplotype diversity with the addition of the 10 Y-STRs of the Yfiler1 Plus
was very noticeable in the UAE population. DC and HD results of UAE
Arab male population were compared with the results of other
populations [12–18] (Table 2). Results shows that HD and DC were
increased in all populations. Greenlanders [East Sermersooq, Kujalleq,
Qaasuitsup, Qeqqata and West Sermersooq] showed the lowest HD and
DC those are 0.9971 and 0.79 respectively.
3.3. Gene diversity
According to the estimated gene diversity (GD) for each locus. The
highest gene diversity was observed at locus DYS385a/b, DYF387S1a/b
Table 1
Forensic Parameters for Yfiler1 Plus and Yfiler1 haplotypes in UAE population.
Forensic Parameter Yfiler1 Plus Yfiler1
samples in population 436 436
Number of haplotypes 419 379
Number of unique haplotypes 403 340
Discrimination Capacity (%) 96.18 89.71
Haplotype Diversity 99.982 99.88
Table 2
Comparison of Haplotype Diversity (HD) and Discrimination Capacity (DC) between UAE Arab population and other geographically populations.
Population Yfiler1 Yfiler1 Plus
HD DC HD DC
UAE [Arab] 99.88 89.71 99.982 96.18
Denmark [Danish] 99.99 98 100 100
Greenland [East Sermersooq, Kujalleq, Qaasuitsup, Qeqqata and West Sermersooq] 98.72 57 99.71 79
Somalia [Somali] 98.03 61 99.93 99
Serbia [Northern Serbia, Central Serbia and Southern Serbia] – 98.92 99.985 99.985
Nigeria [Hausa, Igbo and Yoruba] 99.92 – 99.98 –
Peru [Ashaninka] – – 100 100
China [Han “Guangdong Province”] 99.987 96.5 99.999 99.6
Spain [Basque autochthonous] – 95.55 99.99996 99.9996
Austria [Salzburg and Upper Austria] 99.99 97.88 99.9989 99.76
Italy [North, Center, South and Sardinia] 99.97 97.04 99.99 98.52
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and DYS449 (GD = 0.952146, 0.933534 and 0.897322 respectively)
(Fig. 1). Whereas, DYS391, DYS437 and DYS392 loci showed the lowest in
gene diversity values (GD = 0. 0.469693, 0.432289 and 0.400127
respectively). These results are similar to what has been reported in
previous studies for different populations such as Italian [North, Center,
South and Sardinia], Austrian [Salzburg and Upper Austria], Nigeria
[Hausa, Igbo and Yoruba], Serbia [Northern Serbia, Central Serbia and
Southern Serbia] and Eastern Turkey populations [12–14,19,20].
Fig. 1. Genetic diversity for Yfiler1 plus loci in UAE Arab male population.
Fig. 2. Electropherograms (EPG) of different loci showing the additional alleles than expected (Additional alleles indicated by circles).
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3.4. Abnormal alleles
There is a number of abnormal alleles found in this study; there were
multiple alleles in six different loci DYF387S1a/b, DYS19, DYS570,
DYS379II, DYS448 and DYS460 (Fig. 2). Four alleles were observed in
one individual in DYF387S1a/b locus and three alleles were observed
in three individuals in the same locus. Whereas, double alleles were
observed in DYS19, DYS570, DYS379II, DYS448 and DYS460.
Tri-allelic pattern was previously observed in DYF387S1a/b and
DYS385a/b loci in Serbia [Northern Serbia, Central Serbia and
Southern Serbia] population [20] and double alleles were also observed
in Italy in paternity testing for father/son pair in two loci DYS439 and
DYS635 [21]. Moreover, double alleles were observed in Brazil [Bahia]
population in three loci DYS389 II, DYS437 and DYS439 [22]. There are
other previous studies that showed double alleles in DYS19 [23,24].
The reason behind such abnormal alleles is most probably because of
Fig. 3. Electropherograms (EPG) of different loci showing the null alleles (Null alleles indicated by circles).
Table 3
UAE population intermediate alleles detected in UAE Arab male population
(N: Number of Samples).
Locus N Intermediate
alleles
DYS458 111 16.2, 17.2, 18.2,
19.2, 20.2, 21.2
DYF387S1(a/b) 5 9.2, 41.2, 42.2
DYS627 4 17.2, 18.2, 21.2
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Fig. 4. RM-YPlex results of abnormal alleles in DYF387S1 and DYS570 loci confirming the results obtained by Yfiler1 Plus kit.
Fig. 5. Multidimensional scaling (MDS) plot based on pairwise Fst genetic distance among UAE population and other Arab populations.
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the duplication of chromosomal region including the STR locus during
the transmission of Y chromosome among paternal lineage [25].
On the other hand, null alleles were observed in UAE population in
five loci namely DYS438, DYS390, DYS627, DYS448 and DYF387S1
(Fig. 3). In Comparison with other studies null alleles were
observed in two different paternity cases; two Iraqi individuals
and one Italian male at DYS448 locus [21,26]. Also, in another
study, in Argentina, they noticed null alleles in child in paternity
case in DYS448, DYS392, DYS549 and DYS385a/b [27]. These
null alleles could be because of two reason. Firstly, primer binding
site mutation which prevent primer attachment step and
eventually amplification of the locus. Secondly, it could be a
true null allele due to deletion mutation of the whole locus
which happens due to the rearrangement on the long arm of the
human Y-chromosome “azoospermia factor regions” (AZFa, AZFb,
AZFc) [26].
A total of 128 intermediate alleles were detected at 10 different loci
DYS458, DYS627, DYS576, YGATAH4, DYS448, DYS518, DYS481,
DYF387S1a/b, DYS385a/b and DYS19 as shown in (Table 3). Some samples
which have shown such abnormality was reconfirmed using RM-Yplex to
ensure concordance results with other amplification kits (Fig. 4) [8].
3.5. Populations statistics
The resulted haplotypes of UAE Arab male population were
uploaded to the YHRD database (accession number: YC000468) and
then compared to other Arabs population haplotypes ("Djibouti
[Somali, Afar]" Contribution with Accession Number YA004198 with
54 Haplotypes), ("Algeria [Mozabite Berber]" Contribution with
Accession Number YA004353with 64 Haplotypes), ("Egypt [Northern
Egyptian, Bahariya Egyptian]" Contribution with Accession Number
YA004355 with 66 Haplotypes), ("Bahrain [Bahraini]" Contribution
with Accession Number YA004278 with 156 Haplotypes), ("Libya
[Arab, Jewish]" Contribution with Accession Number YA004354 with
87 Haplotypes), ("Morocco [Asni, Bouhria, Souss, Ouarzazate
Berber]" Contribution with Accession Number YA004352 with 175
Haplotypes), ("Saudi Arabia East [Arab]" Contribution with
Accession Number YA004271 with 110 Haplotypes) and ("Somalia
[Somali]" Contribution with Accession Number YA003284 with 177
Haplotypes). Table S3, shows the pairwise genetic distances between
the studied population and eight previously reported Arab popula-
tions based on Yfiler1 Plus haplotypes. Lower-left triangle shows Fst
values between the studied population and other reference Arab
populations based on Yfiler1 Plus haplotypes; while upper-right
triangle is p-values. The MDS plot structured from Fst distance matrix
for the 27 Y-STR Yfiler1 Plus (Fig. 5), showed that UAE population
clustered along with Saudi Arabia East [Arab] population which
mean that they have a closer genetic relation. While it standing away
from Libya [Arab, Jewish] Somalia [Somali] Morocco [Asni, Bouhria,
Souss, Ouarzazate Berber], Egypt [Northern Egyptian, Bahariya
Egyptian], Djibouti [Somali, Afar] Algeria [Mozabite Berber] and
Bahrain [Bahraini]. This reflects that the UAE population has
statistically significant different genetic structure from these
populations.
4. Conclusion
The recently introduced 27 Y-STR Yfiler1 Plus demonstrates
greater power of discrimination and haplotype diversity than
previous commercially available amplifications kits in UAE Arab
population. In most of the populations the highest diversity was
observed at DYS385a/b and DYF387S1a/b loci. Abnormal alleles
were found in UAE population and in the other populations in
different loci. It is clearly obvious the addition of new Y-STRs and
more specifically RM Y-STRs played big role in making this kit
powerful for forensic investigation and populations studies. This
database generated from this study will play an important role in
estimating the rarity of haplotypes generated from evidences in
forensic investigations.
Declaration of Competing Interests
The authors declare no competing interests.
Appendix A. Supplementary data
Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.fsir.2020.100057.
References
[1] K.N. Ballantyne, M. Goedbloed, R. Fang, O. Schaap, O. Lao, A. Wollstein, Y. Choi, K.
van Duijn, M. Vermeulen, S. Brauer, R. Decorte, Mutability of Y-chromosomal
microsatellites: rates, characteristics, molecular bases, and forensic implications, Am.
J. Hum. Genet. 87 (3) (2010) 341–353.
[2] K.N. Ballantyne, V. Keerl, A. Wollstein, Y. Choi, S.B. Zuniga, A. Ralf, M. Vermeulen,
P. de Knijff, M. Kayser, A new future of forensic Y-chromosome analysis: rapidly
mutating Y-STRs for differentiating male relatives and paternal lineages, Forensic Sci.
Int. Genet. 6 (2) (2012) 208–218.
[3] C. Robino, A. Ralf, S. Pasino, M.R. De Marchi, K.N. Ballantyne, A. Barbaro, C. Bini, E.
Carnevali, L. Casarino, C. Di Gaetano, M. Fabbri, Development of an Italian RM Y-STR
haplotype database: results of the 2013 GEFI collaborative exercise, Forensic Sci. Int.
Genet. 15 (2015) 56–63.
[4] I. Pickrahn, E. Müller, W. Zahrer, B. Dunkelmann, J. Cemper-Kiesslich, G.
Kreindl, F. Neuhuber, Yfiler1 Plus amplification kit validation and calculation
of forensic parameters for two Austrian populations, Forensic Sci. Int. Genet.
21 (2016) 90–94.
[5] T.M. Karafet, B. Hallmark, M.P. Cox, H. Sudoyo, S. Downey, J.S. Lansing, M.F.
Hammer, Major east–west division underlies Y chromosome stratification across
Indonesia, Biol. Evol. 27 (8) (2010) 1833–1844.
[6] T.I. Pollin, D.J. McBride, R. Agarwala, A.A. Schäffer, A.R. Shuldiner, B.D. Mitchell, J.R.
O’Connell, Investigations of the Y chromosome, male founder structure and YSTR
mutation rates in the Old Order Amish, Hum. Hered. 65 (2) (2008) 91–104.
[7] C. Rapone, E. D’Atanasio, A. Agostino, M. Mariano, M.T. Papaluca, F. Cruciani, A.
Berti, Forensic genetic value of a 27 Y-STR loci multiplex (Yfiler1 Plus kit) in an Italian
population sample, Forensic Sci. Int. Genet. 21 (2016) e1–e5.
[8] R. Alghafri, W. Goodwin, A. Ralf, M. Kayser, S. Hadi, A novel multiplex assay for
simultaneously analysing 13 rapidly mutating Y-STRs, Forensic Sci. Int. Genet. 17
(2015) 91–98.
[9] M. Nei, F. Tajima, DNA polymorphism detectable by restriction endonucleases,
Genetics 97 (1) (1981) 145–163.
[10] L. Excoffier, H.E. Lischer, Arlequin suite ver 3.5: a new series of programs to perform
population genetics analyses under Linux and Windows, Mol. Ecol. Resour. 10 (3)
(2010) 564–567.
[11] S. Willuweit, L. Roewer, The new Y chromosome haplotype reference database,
Forensic Sci. Int. Genet. 15 (2015) 43–48.
[12] I. Pickrahn, E. Müller, W. Zahrer, B. Dunkelmann, J. Cemper-Kiesslich, G. Kreindl, F.
Neuhuber, Yfiler1 Plus amplification kit validation and calculation of forensic
parameters for two Austrian populations, Forensic Sci. Int. Genet. 21 (2016) 90–94.
[13] C. Rapone, E. D’Atanasio, A. Agostino, M. Mariano, M.T. Papaluca, F. Cruciani, A.
Berti, Forensic genetic value of a 27 Y-STR loci multiplex (Yfiler1 Plus kit) in an Italian
population sample, Forensic Sci. Int. Genet. 21 (2016) e1–e5.
[14] B. Martinez, L. Catelli, M. Romero, M.V.O. Okolie, S.O. Keshinro, E.F. Carvalho, C.
Vullo, L. Gusmão, Forensic evaluation of 27 y-str haplotypes in a population sample
from nigeria, Forensic Sci. Int. Genet. Suppl. Ser. (2017) .
[15] J.K. Olofsson, H.S. Mogensen, A. Buchard, C. Børsting, N. Morling, Forensic and
population genetic analyses of Danes, Greenlanders and Somalis typed with the
Yfiler1 Plus PCR amplification kit, Forensic Sci. Int. Genet. 16 (2015) 232–236.
[16] D.H. Tineo, S. Loiola, F.V. Paredes, L.R. Noli, Y.C. Amaya, F. Simão, E.F.
Carvalho, L. Gusmão, Genetic characterization of 27 Y-STR loci in the native
population of Ashaninka from Peru, Forensic Sci. Int. Genet. Suppl. Ser. 5
(2015) e220–e222.
[17] Y. Wang, Y.J. Zhang, C.C. Zhang, R. Li, Y. Yang, X.L. Ou, D.Y. Tong, H.Y. Sun, Genetic
polymorphisms and mutation rates of 27 Y-chromosomal STRs in a Han
population from Guangdong Province, Southern China, Forensic Sci. Int. Genet. 21
(2016) 5–9.
[18] O. García, I. Yurrebaso, I.D. Mancisidor, S. López, S. Alonso, L. Gusmão, Data for 27 Y-
chromosome STR loci in the Basque Country autochthonous population, Forensic Sci.
Int. Genet. 20 (2016) e10–e12.
[19] M. Tokdemir, F.T. Tunçez, Genetic polymorphisms of 17 Y-STR loci in Eastern Turkey
population, Gene Rep. 6 (2017) 15–18.
[20] D. Zgonjanin, R. Alghafri, M. Antov, G. Stojiljkovic, S. Petkovic, R. Vukovic, D.
Draškovic, Genetic characterization of 27 Y-STR loci with the Yfiler (1) Plus kit in the
population of Serbia, Forensic Sci. Int. Genet. (2017) .
[21] I. Carboni, U. Ricci, Unexpected patterns in Y-STR analyses and implications for profile
identification, Forensic Sci. Int. Genet. Suppl. Ser. 2 (1) (2009) 55–56.
T. Zeyad et al. FSIR 2 (2020) 100057
6
[22] M. Diederiche, P. Martin, A. Amorim, F. Corte-Real, L. Gusmao, A case of double alleles
at three Y-STR loci: forensic implications, Int. J. Legal Med. 119 (4) (2005) 223–225.
[23] C.L. Johnson, J.H. Warren, R.C. Giles, R.W. Staub, Validation and uses of a Y-
chromosome STR 10-plex for forensic and paternity laboratories, J. Forensic Sci. 48 (6)
(2003) 1260–1268.
[24] M. Kayser, A. Sajantila, Mutations at Y-STR loci: implications for paternity testing and
forensic analysis, Forensic Sci. Int. 118 (2) (2001) 116–121.
[25] H. Skaletsky, T. Kuroda-Kawaguchi, P.J. Minx, H.S. Cordum, L. Hillier, L.G. Brown, S.
Repping, T. Pyntikova, J. Ali, T. Bieri, A. Chinwalla, The male-specific region of the
human Y chromosome is a mosaic of discrete sequence classes, Nature 423 (6942)
(2003) 825–838.
[26] S. Turrina, S. Caratti, M. Ferrian, D. De Leo, Deletion and duplication at DYS448 and
DYS626 loci: unexpected patterns within the AZFc region of the Y-chromosome, Int. J.
Legal Med. 129 (3) (2015) 449–455.
[27] J. Beltramo, M.A. Pena, M.M. Lojo, The finding of Y-STR microdeletion
involving DYS448, DYS392, DYS549 and DYS385a/b markers in a paternity
case with deceased alleged father, Forensic Sci. Int. Genet. Suppl. Ser. 5 (2015)
e141–e143.
T. Zeyad et al. FSIR 2 (2020) 100057
7
